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Abstract
Background: Murine studies suggest that myeloid cells such as vascular leukocytes (VLC) and Tie2+
monocytes play a critical role in tumor angiogenesis and vasculogenesis. Myeloid cells are a primary cause
of resistance to anti-VEGF therapy. The elimination of these cells from the tumor microenvironment
significantly restricts tumor growth in both spontaneous and xenograft murine tumor models. Thus animal
studies indicate that myeloid cells are potential therapeutic targets for solid tumor therapy. Abundant VLC
and Tie2+ monocytes have been reported in human cancer. Unfortunately, the importance of VLC in
human cancer growth remains untested as there are no confirmed therapeutics to target human VLC.
Methods: We used FACS to analyze VLC in ovarian and non-ovarian tumors, and characterize the
relationship of VLC and Tie2-monocytes. We performed qRT-PCR and FACS on human VLC to assess
the expression of the CD52 antigen, the target of the immunotherapeutic Alemtuzumab. We assessed
Alemtuzumab's ability to induce complement-mediated VLC killing in vitro and in human tumor ascites.
Finally we assessed the impact of anti-CD52 immuno-toxin therapy on murine ovarian tumor growth.
Results: Human VLC are present in ovarian and non-ovarian tumors. The majority of VLC appear to be
Tie2+ monocytes. VLC and Tie2+ monocytes express high levels of CD52, the target of the
immunotherapeutic Alemtuzumab. Alemtuzumab potently induces complement-mediated lysis of VLC in
vitro and ex-vivo in ovarian tumor ascites. Anti-CD52 immunotherapy targeting VLC restricts tumor
angiogenesis and growth in murine ovarian cancer.
Conclusion: These studies confirm VLC/myeloid cells as therapeutic targets in ovarian cancer. Our data
provide critical pre-clinical evidence supporting the use of Alemtuzumab in clinical trials to test its efficacy
as an anti-myeloid cell antiangiogenic therapeutic in ovarian cancer. The identification of an FDA approved
anti-VLC agent with a history of clinical use will allow immediate proof-of-principle clinical trials in patients
with ovarian cancer.
Published: 19 June 2009
Journal of Translational Medicine 2009, 7:49 doi:10.1186/1479-5876-7-49
Received: 7 January 2009
Accepted: 19 June 2009
This article is available from: http://www.translational-medicine.com/content/7/1/49
© 2009 Pulaski et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
Page 2 of 14
(page number not for citation purposes)
Introduction
There is increasing evidence that monocyte derived mye-
loid cells expressing vascular markers such as Tie2 or VE-
Cadherin support tumor growth [1-5]. These cells are
recruited to regions of hypoxia and promote angiogenesis
and vasculogenesis [6,7]. Myeloid cell recruitment to the
tumor bed appears to precede or coincide with the 'ang-
iogenic switch'[8,9]. In an established tumor, myeloid
cells appear to be a primary source of resistance to anti-
VEGF therapy, suggesting a critical role for these cells in
tumor angiogenesis [5].
The exact mechanism of action of myeloid cells remains
contentious. These cells can clearly promote angiogenesis
through local production of angiogenic factors[1,10-13].
Some studies have suggested that these cells may be able
to trans-differentiate to assume an endothelial cell fate,
incorporate into vessel lumens, and contribute to vasculo-
genesis[3,14-17].
While the exact function of these proangiogenic myeloid
cells remains controversial, murine studies confirm a crit-
ical role for these cells in tumorigenesis and indicate that
these cells may be novel therapeutic targets for solid
tumor therapy. Genetic manipulations to inhibit or elim-
inate these cells in both spontaneous and xenograft
murine tumor models can severely restrict tumor growth
[3,7,9,18]. Similarly, therapeutics targeting these cells
reduce microvascular density and restrict tumor growth
[15,19].
Proangiogenic myeloid cells similar to those found in
mice have also been identified in human tumors. Myelo-
monocytic cells expressing the hematopoietic marker
CD14 and various vascular markers such as Tie2 (Tie2+
Monocytes), VE-Cadherin, and VEGFR2 have been
reported to take part in both ischemia-associated and
tumor-associated angiogenesis [17,20]. We reported the
presence of a proangiogenic myeloid cell population,
expressing numerous myeloid (CD14, CD45, CD11c,
CD11b) and vascular (VE-Cadherin, CD31, CD146) sur-
face markers, in ovarian cancer [21]. Given the dual phe-
notype of these cells, expressing both myeloid and
vascular specific markers, and an angiogenic phenotype,
we have termed these cells vascular leukocytes (VLC)
[15,21]. VLC represent 10–70% of host cells and up to
30% of all cells in ovarian cancer ([21] and unpublished
data. In vitro and in vivo studies indicate VLC play a role
in tumor angiogenesis. Increased recruitment of VLC to
tumors by the chemokine B-Defensin-29 significantly
increased murine tumor growth [15]. Similarly, the direct
addition of VLC to human tumor xenografts increased
tumor microvascular density. VLC produce numerous
pro-angiogenic factors such as TGF-β, VEGF, and Inter-
leukin-8. VLC promote endothelial tubulogenesis and
participate in perfusable vascular structures in matrigel in
vivo [15,21,22]. Importantly, inhibiting or eliminating
VLC or similar myeloid cells in mice inhibits angiogenesis
and severely restricts tumor growth [15,19].
Similar to VLC, proangiogenic CD14+/Tie2+ monocytes
have recently been reported to be present in human
tumors [20]. Tie2+ monocytes were identified in low num-
bers in the peripheral blood of cancer patients. Like VLC,
Tie2+ monocytes are present in high numbers in tumor tis-
sue, but are rare in normal tissue. Also similar to VLC, the
addition of Tie2+  monocytes (but not Tie2-depleted
monocytes) to tumor xenografts enhanced tumor microv-
ascular density [23]. Tie2+ monocytes were described in
many solid tumors including colon, lung, renal and breast
cancer.
As animal studies indicate that VLC and Tie2+ monocytes
are potentially legitimate therapeutic targets for solid
tumor therapy, we sought to determine the relationship of
VLC and Tie2+ monocytes. Furthermore, we attempted to
identify an anti-VLC therapeutic for use in human cancers.
We demonstrate here that many VLC appear to be a subset
of Tie2+ monocytes. We identify the expression the hemat-
opoietic antigen CD52, the target of the immunothera-
peutic Alemtuzumab, on human VLC and Tie2+
monocytes. We show that Alemtuzumab is capable of
inducing complement-mediated VLC killing. Finally, anti-
VLC therapy with an anti-CD52 immunotoxin signifi-
cantly restricted ovarian tumor growth in a murine ovar-
ian tumor model. These studies provide important pre-
clinical data supporting the use of Alemtuzumab as a ther-
apeutic agent for ovarian cancer patients.
Materials and methods
Tissues
Stage III epithelial ovarian cancer (n = 10), and ductal
breast cancer specimens (n = 1), non-small cell lung carci-
noma (n = 3) (provided by Dr. Steven M. Albelda and Dr.
Doug Arenberg) and melanoma (n = 3) (provided by Dr.
David Elder), normal ovary (n = 2) and normal
endometrium (n = 2) were collected at the University of
Pennsylvania or the University of Michigan. After obtain-
ing informed patient consent, ascites was collected either
intraoperatively or at the time of therapeutic paracentesis.
All specimens were processed in compliance with IRB and
HIPAA requirements.
Tumor Processing
Freshly harvested solid tumors were mechanically dis-
sected into 1–2 mm pieces and then further isolated to
single cells using the Medi-machine (BD Pharmingen).
Cell suspensions were then passed through a 40 um filter
and finally isolated on ficoll gradient as previously
described [21].Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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Ascites Processing
For FACS characterization of VLC, ascites associated cells
were concentrated by centrifugation and then red blood
cells were lysed using ACK buffer (lonza, Walkersville,
MD. Host cells were then isolated using a Ficoll gradient.
Cells were then passed through a 40 um filter followed by
4 passes through a 28G needle to isolate single cells for
FACS. For Alemtuzumab induced cytotoxicity assays in
whole ascites, after red cell lysis, whole cell pellets were
resuspended in 1/20th of the original volume of ascites
supernatant and used directly in cytotoxicity assays.
FACS
Human CD45+/VE-Cadherin+  (CD144) vascular leuko-
cytes and CD45(-)/VE-Cadherin+ tumor endothelial cells
were FACS isolated from the ficoll isolated cells using APC
anti-CD45 (BD Pharmingen, San Diego, CA) and PE-
mouse anti-human CD144 antibody (eBioscience, San
Diego, CA). CD52 expression was confirmed with using
FITC-anti-human CD52 (GeneTex San Antonio, TX). For
qRT-PCR experiments, a second vascular marker CD146
(P1H12-eBiosciences), was used in conjunction with
CD45 and VE-Cadherin to increase purity.
Tie2 expression was confirmed using biotin-anti-human-
Tie2 (Abcam Cambridge, MA) coupled with streptavidin-
FITC. Tie2 monocytes were characterized using mouse
anti-CD14-FITC (BD Pharmingen) and Mouse anti-
human Tie2-APC (R&D Systems Minneapolis, MN). VE-
Cadherin expression on Tie2 monocytes was confirmed
using anti-VE-Cadherin-PE antibody. In order to avoid
nonspecific antibody binding, PBS containing 10% nor-
mal murine serum (Sigma, St. Louis, MO) and 25 μg/ml
anti-mouse Fc receptor (2.4G2 BD Pharmingen) were
added prior to incubation. Mouse VLC were characterized
using anti-CD45-APC (BD Pharmingen), anti-CD14-FITC
and anti-CD14-PE (BD Pharmingen), anti-VE-Cadherin-
biotin (Bender-Medsystems), and anti-CD52-PE (MBL,
Cambridge, MA).
Complement-mediated Cytotoxicity of Isolated VLC
VLC FACS-isolated from ovarian tumor as described
above were incubated with 10 μg/ml of Alemtuzumab
(Genzyme Cambridge, MA) for thirty minutes. Isolated
VLC were washed and incubated with 10% human serum
or heat inactivated serum at 37°C for one hour (human
serum was inactivated by incubating at 60°C for thirty
minutes immediately prior to use). CD3+ peripheral
blood lymphocytes were used as a positive control. Cells
were then stained with Annexin-FITC (BD Pharmingen)
and propidium iodide (BD Pharmingen) per manufac-
turer's protocol. To assure cellular viability throughout the
assay, an aliquot of untreated VLCs were maintained in
culture for the duration of the experiment. These
untreated VLCs were stained for Annexin-V/PI in parallel
with Alemtuzumab treated cells +/- inactivated serum.
Cells negative for both Annexin V and PI were deemed
viable cells.
Complement-mediated Cytotoxicity of Whole Ascites
A single cell suspension of whole ascites cells (host and
tumor cells) suspended in ascites fluid was incubated for
90 minutes with 10 μg/ml Alemtuzumab or heat inacti-
vated Alemtuzumab (heated at 80°C for 30 minutes).
Cells were then immediately labeled with anti-CD45-APC
(BD Pharmingen) and anti-VE-Cadherin-PE (eBio-
science), or Annexin-FITC and 7-Amino Actinomycin D
(7-AAD BD Pharmingen) and analyzed by FACS. Once
again to assess cellular viability an aliquot of cells which
receive no treatment were maintained at 37C in the ascites
fluid throughout the course of the experiment. Viability of
this control aliquot was then assessed with AnnexinV and
7AAD. AnnexinV(-)/PI(-) cells were considered viable
Quantitative RT-PCR
RNA was isolated from fresh VLC using the TRIzol
method. RNA was reverse-transcribed into cDNA using
superscript III per manufacturer's directions (Invitrogen
Carlsbad, CA) and quantitative PCR was performed using
2 ng of total cDNA and SYBRgreen (Applied Biosystem;
CD52, 5'primer CTTCCTCCTACTCACCATCAGC,
3'primer CCACGAAGAAAAGGAAAATGC).
Histology
Immunofluorescence was performed on fresh frozen, ace-
tone fixed tissue using an anti-CD52 antibody (1:100
GeneTex, Inc) and anti-VE-Cadherin FITC antibody
(1:200 Bender MedSystems). Immunohistochemistry was
performed on murine tumors with anti-CD31 antibody
(1:800 BD Pharmingen) and vecta-stain (Vector Labs Bur-
lingame, CA) per protocol as described by the manufac-
turer.
CD52 Immunotoxin Development
Anti-CD52 antibodies (MBL Cambridge, MA) were bioti-
nylated per protocol (Pierce). Biotinylation was con-
firmed by FACS analysis of murine splenocytes using
biotinylated anti-CD52 antibody coupled with streptavi-
din-PE conjugate (BD Pharmingen). After biotinylation
was confirmed, streptavidin-saporin (Advances Targeting
Systems, San Diego, CA) was incubated with biotin
labeled anti-CD52 antibodies in a 1.5:1 molar concentra-
tion. 2 μg/ml anti-CD52-saporin conjugate was then incu-
bated with isolated ascites-associated cells for 36 hours in
vitro and cytotoxicity confirmed by trypan blue and FACS
staining (data not shown). To confirm in vivo toxicity,
tumor bearing animals were treated twice-weekly with 2
ug of anti-CD52-saporin antibodies (n = 5) or control
antibody (n = 3). After three weeks peripheral blood was
collected, RBCs were lysed with ACK buffer, and thenJournal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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PBMCs were analyzed by FACS. Similarly tumors were
resected, processed into single cells as described above
and analyzed for VLC by FACS. Finally tumor ascites-bear-
ing animals were treated with 2 μg of CD52-saporin or
control IgG-saporin (n = 5 per group) daily for 48 hours
and then ascites cells were harvested, red cells were lysed
using ACK buffer, and whole ascites cell samples were
analyzed for VLC by FACS.
Treatment of Flank Tumors
20 × 106 ID8-VEGF cells were injected subcutaneously
into the flanks of C57BL6 mice and the tumors were
allowed to grow for two weeks. The animals were then
treated twice weekly with 2 μg of anti-CD52-saporin
immunotoxin, or rat-IgG-saporin or immunopurified rab-
bit IgG-saporin control (a total n = 10, n = 5 and n = 5
respectively, in two independent experiments). Immuno-
toxins were administered intraperitoneally twice-weekly
for three weeks. Rat and rabbit immunoglobulin controls
revealed similar results and are presented as pooled data.
Tumor growth curves were analyzed using ANOVA and
Student's t-test At the time of sacrifice a subset of animals
were perfused with biotinylated lycopersicon esculentum
(tomato) lectin as previously described [21].
Treatment of Intraperitoneal Tumors
10 × 106 ID8 cells were injected intraperitoneally into
C57BL6 mice randomized by weight. Starting one week
after the injection of tumor cells, mice were treated with 2
μg of anti-CD52-saporin immunotoxin or rat-IgG-saporin
(n = 10 per group in two independent experiments) twice-
weekly for three weeks. Animals were weighed to assess
tumor growth. Animals were euthanized when they dem-
onstrated 10 gm of weight gain secondary to ascites or ani-
mals appeared moribund. Survival curves were compared
with the log-rank statistic.
Microvascular Density Analysis
CD31 IHC was performed simultaneously on four repre-
sentative sections from 4 flank tumors in the treatment
and control groups. Each section was systematically pho-
tographed in neighboring 40× fields such that 80–100%
of each tumor section was photographed. Total CD31
stain area, as defined by pixel density and hue, was
assessed using Olympus Microsuite Biological Suite soft-
ware. Area of staining was then compared between con-
trol and treatment groups using a two-sided student's t-
test.
Results
VLC are found in a variety of human solid tumors
We have previously demonstrated significant numbers of
CD45+/VE-Cadherin+ VLC in stage III ovarian cancer solid
tumors [21]. We tested whether these cells are unique to
ovarian cancer or whether they are present broadly in
human solid tumors. We used a ficoll gradient to isolate
tumor associated host cells from mechanically dissociated
surgical specimens of melanoma (n = 4), as well as breast
(n = 1), lung (n = 8), and endometrial (n = 2) cancers. The
presence of CD45+/VE-Cadherin+ VLC in each tumor was
assessed by flow cytometry (Figure 1A). VLC were present
in all of the tumor samples analyzed, although in some-
what reduced numbers compared to ovarian cancer. Inter-
estingly, very few VLC were observed in lymph nodes with
metastatic melanoma (Figure 1A), suggesting VLC may
not play a significant role in tumor growth within lymph
nodes.
Similar to ovarian cancer, VLC isolated from melanoma,
breast, lung, or endometrial cancer expressed endothelial
markers such as CD146 and CD31, and myeloid markers
such as CD14 (data not shown). Interestingly, a higher
frequency of VLC was also found in normal lung tissue
adjacent to lung adenocarcinoma, indicating that VLC
may also accumulate in peritumoral host tissue. Lastly,
VLC were found at low frequency in normal reproductive
organs including ovary and endometrium (Figure 1B).
Thus, VLC are found in many solid tumors and are not
unique to ovarian cancer. Furthermore, they are found in
normal tissue surrounding cancer and in some normal tis-
sues that exhibit physiologic angiogenesis.
VLC express CD52, the target of the immunotherapeutic 
Alemtuzumab
As murine studies have indicated that VLC are potential
therapeutic targets, we assayed VLC for the expression of
antigens that have well-developed immunotherapeutics.
We isolated RNA from CD45+/VE-Cadherin+/CD146+
VLC isolated by FACS from 4 independent ovarian cancer
specimens. CD146, a tumor endothelial cell marker
expressed on VLC [21], was included to enhance the
purity of the VLC isolation. RT-PCR and qRT-PCR
revealed CD52 mRNA expression in all four VLC speci-
mens (Figure 2A and 2B). While CD31 mRNA was readily
detected, no CD52 mRNA expression was detected in
CD45(-)/VE-Cadherin+/CD146+  tumor endothelial cells
(TECs). FACS analysis of ficoll isolated tumor infiltrating
host cells confirmed CD52 protein expression on greater
than 90% of CD45+/VE-Cadherin+VLC (range 88–98%,
Figure 2C). The level of expression was similar to that seen
on tumor infiltrating lymphocytes (data not shown). As a
negative control, no expression of CD4 (a T cell markers)
was seen on VLC (Figure 2C). CD52 protein was not
expressed on CD45(-)/VE-Cadherin+ TECs or tumor cells
(Figure 2C and see below).
Co-immunofluorescence on fresh frozen human epithe-
lial ovarian tumors identified large CD52+/VE-Cadherin+
cells primarily in a perivascular location and in ovarian
tumor stroma. This is similar to the localization reportedJournal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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for Tie+ monocytes in other tumors[24] Small CD52+/VE-
Cadherin(-) cells, consistent with tumor infiltrating lym-
phocytes, were also observed (Figure 2D). CD52 was not
detected in the tumor endothelium or tumor cells, con-
sistent with the RT-PCR and flow cytometry data.
These results confirm the expression of the CD52 antigen
on VLC. CD52 has been well established as an immuno-
therapeutic target antigen. In fact, an anti-human CD52
antibody therapy, Alemtuzumab (Campath) has been
developed and is FDA approved for the treatment of
CD52 expressing leukemia. Taken together, this data sug-
gest Alemtuzumab may be used to target VLC in tumors.
Alemtuzumab induces complement-mediated lysis of VLC 
in vitro and ex vivo in tumor ascites
Alemtuzumab has been shown to induce death of CD52-
expressing cells by complement-mediated cytotoxicity
[25-27]. We sought to determine if Alemtuzumab could
induce complement-mediated cellular cytotoxicity of iso-
lated ovarian cancer VLC in vitro. In the absence of com-
plement and Alemtuzumab, approximately 90% of
purified VLC are viable as evidenced by the Annexin V (-)/
PI(-) cells (Figure 3A(1) and data not shown). The addition
of Alemtuzumab and human serum (as a complement
source) to isolated VLC in vitro lead to a statistically sig-
nificant induction of apoptosis and cell death, as defined
VLC in tumor and normal tissues Figure 1
VLC in tumor and normal tissues. FACS analysis of VLC in (A) Ficoll isolated tumor associated host cells and (B) normal 
tissues as indicated. CD45 stain is indicated on the X-axis and VE-Cadherin stain is indicated on the Y-axis.Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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by Annexin V and propidium iodide staining, in nearly
100% (range 76–99%, p < 0.001)) of VLC (Figure 3A(2)
and data not shown). Identical results were obtained with
CD3+ peripheral blood T cells (Figure 3A(3)). Consistent
with complement-mediated cytotoxicity, heat inactiva-
tion of the sera lead to a considerable loss of Alemtuzu-
mab's cytotoxic activity.
As the tumor microenvironment can be immunosuppres-
sive and express complement inhibitors, we next sought
to ascertain the ability of Alemtuzumab to kill VLC within
a human tumor milieu. We added Alemtuzumab to
freshly isolated tumor ascites/ascites-associated cells ex
vivo. Whereas VLC were readily detectable in the presence
of heat inactivated Alemtuzumab, 75% of VLC were elim-
inated in the presence of fresh Alemtuzumab (Figure
3B(1) and 3C). This was associated with a proportionate
increase in the presence AnnexinV+/7-AAD+  apoptotic
cells (Figure 3B(2)). This indicates that Alemtuzumab can
induce complemented-mediated cytotoxicity of VLC even
within the tumor milieu and confirms the potential use of
VLC express CD52 Figure 2
VLC express CD52. A. RT-PCR demonstrating CD52 mRNA expression in VLCs FACS isolated from 4 ovarian tumors 
(NTC-no template control). B. qRT-PCR quantification of CD52 mRNA expression in FACS-isolated VLC and tumor endothe-
lial cells (TECs). C. FACS analysis confirming CD52 protein expression on CD45+/VE-Cadherin+ VLC. VLC do not express the 
T cell marker CD4. CD45(-)/VE-Cadherin+ tumor endothelial cells do not express CD52. D. Immunofluorescence demonstrat-
ing co-expression of VE-Cadherin (red) and anti-CD52 (green) in ovarian cancer. Arrows indicate CD52+/VE-Cadherin(-) lym-
phocytes.Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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Figure 3 (see legend on next page)Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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Alemtuzumab as an anti-VLC therapeutic in humans with
ovarian cancer.
A Majority of VLC are Tie2+ monocytes
We previously reported that VLC were CD14+ cells which
express numerous endothelial markers [21]. More recent
studies have reported a population of CD14+ cells express-
ing the vascular marker Tie2 (Tie2+  Monocytes)
[6,20,23,24]. VLC and Tie2+ monocytes appear function-
ally similar. We therefore performed FACS analysis of VLC
to determine if VLC express Tie2. As expected, CD45(-)/VE-
Cadherin+ tumor endothelial cells were Tie2+/CD14(-). In
contrast, FACS demonstrated that the majority of CD45+/
VE-Cadherin+ VLC (64–90%) are Tie2+ and CD14+ (Figure
4). Thus by definition, the majority of VLC are Tie2+
monocytes. Interestingly, only ~50% of CD14+/Tie2+ cells
(range 40–74%) were VE-Cadherin+. Thus, while the
majority of VLC are Tie2 Monocytes, the majority of Tie2
monocytes are not necessarily VLC. As Alemtuzumab
effectively eliminated nearly 100% of tumor associated
VLC (Figure 3), Alemtuzumab is therefore capable of tar-
geting at least some Tie2+ monocytes. In addition,, FACS
demonstrated that nearly all Tie2+ monocytes (range 90–
100%) are CD52+, indicating Alemtuzumab may target
Tie2+  monocytes independent of their relationship to
VLC.
Development of an anti-murine CD52 immunotoxin
In order to test the effects of anti-CD52 antibody therapy
on tumor growth in vivo, we developed an anti-CD52
immunotoxin. Unlike Alemtuzumab, murine anti-CD52
antibodies do not induce complement-mediated or anti-
body-dependent cellular cytotoxicity. We therefore cou-
pled anti-murine CD52 antibodies with saporin toxin.
Saporin immunotoxins have been well described and suc-
cessful at targeting VLC[15,19] Anti-murine CD52-
saporin was administered to tumor bearing mice twice-
weekly for three weeks and then animals were sacrificed
24 hours after the last administration of the immunoto-
xin. Analysis of peripheral blood mononuclear cells dem-
onstrated that anti-CD52 immunotoxin treated animals
had a significant reduction in both CD14 and CD3+ cells
(Figure 5A). Interestingly, the impact on CD14+ cells was
greater than that seen on CD3+ cells. Similarly analysis of
tumors revealed a significant reduction in VLC and
CD45+ cells in both flank tumors and orthotopic tumors
(ascites) models (Figure 5B and 5C).
Anti-CD52 therapy restricts tumor growth in a murine 
model of ovarian cancer
We next tested the impact of anti-CD52 antibody therapy
on ovarian tumor growth in vivo using the ID8-VEGF
murine ovarian flank tumor model. As above, animals
with established tumors were treated with anti-CD52
therapy twice-weekly for three weeks. Therapy was then
discontinued and tumor growth was monitored for sev-
eral weeks. Therapy significantly restricted solid tumor
growth throughout the course of the experiment (p <
0.05) (Figure 6A). Treatment of flank tumors was associ-
ated with a significant reduction in tumor microvascular
density (Figure 6B and 6C). This reduction in microvascu-
lar density was also correlated with a reduction in tumor
perfusion density (Fig 6B and 6C).
Finally, we used an orthotopic intraperitoneal model of
ovarian cancer to assess the impact of therapy on animal
survival. In this model animal reproducibly develop
tumor associated ascites requiring euthanasia of the ani-
mals. ID8 cells were grown intraperitoneally inC57BL6
mice. Twice-weekly intraperitoneal anti-CD52 therapy
was initiated one week after the injection of tumor cells.
Anti-CD52 immunotoxin therapy lead to a delay in the
accumulation of tumor-associated ascites and an
improvement in the median overall survival of treated
animals (Figure 6D). These results confirm the anti-tumor
activity of anti-VLC therapy, as observed by others, and
further support the use of anti-CD52 therapy in humans.
Discussion
Our study adds to a growing body of literature indicating
myeloid cells are legitimate therapeutic targets in the treat-
ment of solid tumors. Several studies have used transgenic
Alemtuzumab induced complement-mediated cytotoxicity of VLC Figure 3 (see previous page)
Alemtuzumab induced complement-mediated cytotoxicity of VLC. A VLCs FACS isolated from ovarian tumor tissue 
incubated with Alemtuzumab in the presence or absence of complement; (1) In the presence of Alemtuzumab and heat inacti-
vated sera, the majority of VLC are viable Annexin V (-) and PI (-) cells. In contrast, in the presence of Alemtuzumab and sera 
(2), the majority of VLC are Annexin V+ and/or PI + indicating the induction of cytotoxicity (n = 3). (3) In the presence of Ale-
mtuzumab and sera, cytotoxicity was similarly induced in control CD3+ peripheral blood T cells. B. To determine if Alemtuzu-
mab could induce cytotoxicity of VLC in whole tumor ascites ex vivo, we incubated ascites associated cells in ascites fluid 
together with either heat inactivated Alemtuzumab or Alemtuzumab. (1) In the presence of heat inactivated Alemtuzumab a 
population of CD45+/VE-Cadherin+ cells was clearly detectable (box). In contrast in the presence of active Alemtuzumab there 
is as significant reduction of VLC. (2) Loss of CD45+/VE-Cadherin+ VLC in the presence of Alemtuzumab was associated with 
an appropriate increase in Annexin V/PI-labeled cells. C. Summary of Alemtuzumab anti-VLC activity from independent patient 
samples (n = 3) p = 0.002.Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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VLC are Tie2+ monocytes Figure 4
VLC are Tie2+ monocytes. FACS Analysis demonstrating, A. CD45+/VE-Cadherin+ VLC (red box) are CD14+/Tie2+ (Top 
right) and CD45(-)/VE-Cadherin+ endothelial cells (blue box) are CD14(-)/Tie2+ (bottom right). B. A portion of CD14+Tie2+ 
cells are VE-Cadherin+. All CD14+/Tie2+cells are CD52+.Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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Confirmation of activity of the murine anti-CD52 immunotoxin Figure 5
Confirmation of activity of the murine anti-CD52 immunotoxin. A (1) FACS analysis of CD14+ and CD3+ cells in 
peripheral blood mononuclear cells isolated from control (n = 3) and anti-CD52 immunotoxin treated mice (n = 5) demon-
strating a reduction in the percentage of both CD14+ and CD3+ cells in treated animals. A(2) Quantification of absolute num-
bers of CD14+ and CD3+ cells in peripheral blood of control and anti-CD52 treated animals. B (1 and 2) Quantification of 
VLC percent and absolute number in tumor associated ascites of control and anti-CD52 immunotoxin treated animals (n = 5 
per group). C(1 and 2) Quantification of VLC percent and absolute number in solid tumors of control (n = 3) and anti-CD52 
immunotoxin treated animals (n = 5). Tumors were harvested immediately after discontinuation of therapy.Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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Anti-CD52 therapy restricts tumor growth Figure 6
Anti-CD52 therapy restricts tumor growth. A(1). Tumor growth curves for control and anti-CD52 treated (n = 10 per 
group in duplicate experiments) subcutaneous ID8-VEGF ovarian tumors. Tumor growth was significantly restricted with anti-
CD52 therapy (p = 0.01). B. Representative sections of CD31 IHC and lectin perfusion labeling of ID8 flank tumors demon-
strating significant reduction in tumor penetrating vessels and vascular perfusion in control and CD52-treated tumors. Magnifi-
cation and scale bars as indicated. C. Quantification of microvascular density in anti-CD52 treated tumors and control tumors 
assessed by CD31 IHC. D. Kaplan Meier survival plots for control and anti-CD52 immunotoxin treated animals (n = 10/group) 
using an orthotopic intraperitoneal ID8 tumor model. Overall survival was significantly increased by anti-CD52 therapy (p = 
0.03).Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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mice to demonstrate the importance of various myeloid
cell populations. MMP-9 knockout mice were used to
demonstrate a role for Gr+/CD11b+ cells in tumor vascu-
larization [3]. In fact, MMP-9 producing bone marrow
derived cells have been implicated in both tumor angio-
genesis and vasculogenesis [7,18]. Similarly, a transgenic
suicide gene approach was used to demonstrate a potent
anti-tumor effect of eliminating Tie+ monocytes [23].
While representing important proofs of concept, these
techniques obviously cannot be applied to humans.
Other studies have utilized immunotherapeutic
approaches; antibody therapeutics targeting chemokine
receptor-6 and scavenger receptor-A on VLC each demon-
strated restricted tumor growth and reduced vascular den-
sity [15,19]. However, these antibodies were against
murine antigens, and therefore not directly translatable to
humans.
The therapeutic effect seen with anti-CD52 therapy of
ovarian tumors in mice is consistent with the aforemen-
tioned murine studies that indicate that myeloid cells pro-
mote tumor angiogenesis, vasculogenesis, and tumor
growth. We observed a clear reduction in microvascular
density in tumors treated with anti-CD52 therapy. This
reduction in microvascular density correlated with a
reduction of tumor vascular perfusion.
The observation that Alemtuzumab therapy can potently
kill ovarian cancer VLC identifies a bona-fide therapeutic
with which to test the importance of anti-VLC/myeloid
cell therapy in human solid tumors. It is important that
these studies confirmed the ability of Alemtuzumab to
induce complement-mediated VLC killing within tumor
ascites, an environment that closely resembles the in vivo
tumor microenvironment. This would suggest that treat-
ment effect will not be minimized by tumor-associated
immunosuppressive elements or complement inhibitors.
In addition, as Alemtuzumab killing is complement-
mediated rather that cell-mediated, Alemtuzumab killing
is less likely to be negatively impacted by dysfunctional
cellular immunity. This is consistent with the activity of
Alemtuzumab seen in chronic lymphocytic leukemia
(CLL).
We demonstrated that Alemtuzumab can effectively kill
VLC. We also observed that VLC appear to be a subset of
Tie2+ monocytes. Therefore, Alemtuzumab is capable of
killing at least a subset of Tie2+ monocytes. Furthermore,
CD52 expression was identified on the vast majority of
ovarian tumor-associated Tie2+ monocytes, independent
of their relationship to VLC, suggesting Alemtuzumab can
target the majority of Tie2+ monocytes. Tie2+ monocytes
have been reported in several solid tumor types including
colorectal, breast, gastric, pancreatic, and lung carcino-
mas[20] Consistent with this finding, we observed VLC in
melanoma, breast, lung, and ovarian cancer. Taken
together, these observations suggest that Alemtuzumab
may be an effective therapeutic agent targeting VLC/Tie2+
monocytes in not just ovarian cancer but various other
solid tumors as well. Use of Alemtuzumab could be
restricted in heavily pretreated cancer patients as the pri-
mary side effect associated with Alemtuzumab therapy is
immune-suppression. However, given the unique disposi-
tion of ovarian cancer to grow in a manner restricted to
the peritoneal cavity it is possible that systemic side-effects
could be minimized by intraperitoneal delivery of the
drug.
Despite being a well-documented therapeutic target, the
exact function of CD52 remains unknown. In the ID8-
VEGF tumors, VLC account for the vast majority of tumor-
associated host hematopoietic cells, thus the majority of
the impact is likely attributable to an anti-VLC effect.
Human tumors, in contrast, are significantly more com-
plex. CD52 expression is observed on numerous tumor
infiltrating host cells including lymphocytes, neutrophils,
and mast cells. Therefore it is possible Alemtuzumab
could have multiple different effects via this broad target-
ing. In addition to the expected effects on angiogenesis
based on the elimination of VLC, Alemtuzumab may also
inhibit angiogenesis via the elimination of B cells and
mast cells from the tumor microenvironment; both of
these cell types have also been implicated in promoting
angiogenesis and tumor growth [28-30].
Eliminating VLC may also impact anti-tumor immunity.
Recent studies indicate that elimination of CD11c+ cells, a
population of cells that would include VLC, from the
tumor microenvironment can actually enhance anti-
tumor immunity [31]. This is consistent with an immuno-
suppressive phenotype of VLC [32]. Alemtuzumab could
also promote anti-tumor immunity by eliminating regula-
tory T cells (T regs). T regs have been reported to accumu-
late in late stage ovarian tumors and to be a negative
prognostic factor [33]. In fact, in ovarian cancer T-regs
may be induced by cancer-associated myeloid cells such as
VLC [34]. There is a potential detrimental immune-mod-
ulatory effect of Alemtuzumab via the elimination of anti-
tumor T cells, or other inflammation mediated anti-tumor
effects. However, at least in late stage tumors the impact of
this anti-tumor immunity seems minimal.
Conclusion
Given the wealth of information confirming a critical role
for myeloid cells in promoting tumor growth in murine
models of cancer, it is essential to determine the impor-
tance of myeloid cells in human tumor growth. Develop-
ment of novel pharmaceutical agents could cost over
$500,000,000 and take 10 years or longer [35]. Our data
provide critical pre-clinical evidence for the use of Alem-Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
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tuzumab in clinical trials as an anti-VLC, antiangiogenic
therapy in ovarian cancer. The observation that VLC are
present in numerous tumor types besides ovarian cancer
suggests that, if not limited by immunosuppressive side
effects, Alemtuzumab may be an effective therapeutic in
other solid tumors. The identification of an FDA-
approved agent with a significant history of clinical use
will allow immediate proof-of-principle cancer therapy
clinical trials in humans.
Abbreviations
ANOVA: Analysis of Variance between Groups; CLL:
Chronic Lymphocytic, Leukemia; FACS: Fluorescence acti-
vated cell sorting; FDA: Food and Drug Administration;
IHC: Immunohistochemistry; MMP-9: Matrix Metallopro-
teinase-9; qRT-PCR: Quantitative real time polymerase
chain reaction; RT-PCR: Reverse-transcription polymerase
chain reaction; T regs: Regulatory T cells; VE-Cadherin:
Vascular Endothelial Cadherin; VLC: Vascular leukocytes;
VEGF: Vascular Endothelial Growth Factor
Competing interests
The University of Michigan and RJB have submitted a pat-
ent regarding the use of Alemtuzumab as an anti-ang-
iogenic agent in ovarian cancer. This was submitted after
the completion of the described work.
Authors' contributions
HP: Performed experiments, wrote manuscript, GS: Per-
formed experiments, IS: Performed experiments, KM: Per-
formed experiments, AK: Contributed research material,
RKR: Contributed research material, GC: Contributed
research material, critical reading of manuscript, JCG:
Contributed research material, critical reading of manu-
script, RJB: Designed and performed experiments, wrote
manuscript. All authors have read and approved the final
manuscript.
Acknowledgements
We would like to thank the Ovarian Cancer Research Fund and the Mary 
Kay Ash Foundation who provided support for this work. The PI is sup-
ported (in part) by the National Institutes of Health through the University 
of Michigan's Cancer Center Support Grant (5 P30 CA46592).
References
1. McLean K, Buckanovich RJ: Myeloid cells functioning in tumor
vascularization as a novel therapeutic target.  Transl Res.  2008,
151(2):59-67.
2. Seandel M, Butler J, Lyden D, Rafii S: A catalytic role for proang-
iogenic marrow-derived cells in tumor neovascularization.
[comment].  Cancer Cell 2008, 13:181-183.
3. Yang L, DeBusk LM, Fukuda K, Fingleton B, Green-Jarvis B, Shyr Y,
Matrisian LM, Carbone DP, Lin PC: Expansion of myeloid
immune suppressor Gr+CD11b+ cells in tumor-bearing host
directly promotes tumor angiogenesis.  Cancer Cell 2004,
6:409-421.
4. Rajantie I, Ilmonen M, Alminaite A, Ozerdem U, Alitalo K, Salven P:
Adult bone marrow-derived cells recruited during angiogen-
esis comprise precursors for periendothelial vascular mural
cells.  Blood 2004, 104:2084-2086.
5. Shojaei F, Wu X, Malik AK, Zhong C, Baldwin ME, Schanz S, Fuh G,
Gerber HP, Ferrara N: Tumor refractoriness to anti-VEGF
treatment is mediated by CD11b+Gr1+ myeloid cells.  Nat
Biotechnol 2007, 25:911-920.
6. Lewis CE, De Palma M, Naldini L: Tie2-expressing monocytes
and tumor angiogenesis: regulation by hypoxia and angiopoi-
etin-2.  Cancer Res 2007, 67:8429-8432.
7. Du R, Lu KV, Petritsch C, Liu P, Ganss R, Passegue E, Song H, Vanden-
berg S, Johnson RS, Werb Z, Bergers G: HIF1alpha induces the
recruitment of bone marrow-derived vascular modulatory
cells to regulate tumor angiogenesis and invasion[see com-
ment].  Cancer Cell 2008, 13:206-220.
8. Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K, Tan-
zawa K, Thorpe P, Itohara S, Werb Z, Hanahan D: Matrix metallo-
proteinase-9 triggers the angiogenic switch during
carcinogenesis.  Nature Cell Biology 2000, 2:737-744.
9. De Palma M, Naldini L: Role of haematopoietic cells and
endothelial progenitors in tumour angiogenesis.  Biochim Bio-
phys Acta 2006, 1766:159-166.
10. Dirkx AEM, Oude Egbrink MGA, Wagstaff J, Griffioen AW: Mono-
cyte/macrophage infiltration in tumors: modulators of ang-
iogenesis.  Journal of Leukocyte Biology 2006, 80:1183-1196.
11. Hillen F, Griffioen AW: Tumour vascularization: sprouting ang-
iogenesis and beyond.  Cancer Metastasis Rev 2007, 26:489-502.
12. Porta C, Subhra Kumar B, Larghi P, Rubino L, Mancino A, Sica A:
Tumor promotion by tumor-associated macrophages.
Advances in Experimental Medicine & Biology 2007, 604:67-86.
13. Moldovan L, Moldovan NI: Role of monocytes and macrophages
in angiogenesis.  EXS 2005:127-146.
14. Jia J, Zhang W-F, Zhao Y-F: Monocytes: a possible source of
hemangioma endothelial cells.  Medical Hypotheses 2007,
68:98-100.
15. Conejo-Garcia JR, Benencia F, Courreges MC, Kang E, Mohamed-
Hadley A, Buckanovich RJ, Holtz DO, Jenkins A, Na H, Zhang L, et al.:
Tumor-infiltrating dendritic cell precursors recruited by a
beta-defensin contribute to vasculogenesis under the influ-
ence of Vegf-A.  Nat Med 2004, 10:950-958.
16. Fernandez Pujol B, Lucibello FC, Zuzarte M, Lutjens P, Muller R,
Havemann K: Dendritic cells derived from peripheral mono-
cytes express endothelial markers and in the presence of
angiogenic growth factors differentiate into endothelial-like
cells.  European Journal of Cell Biology 2001, 80:99-110.
17. Elsheikh E, Uzunel M, He Z, Holgersson J, Nowak G, Sumitran-
Holgersson S: O n l y  a  s p e c i f i c  s u b s e t  o f  h u m a n  p e r i p h e r a l -
blood monocytes has endothelial-like functional capacity.
Blood 2005, 106:2347-2355.
18. Ahn GO, Brown JM: Matrix metalloproteinase-9 is required for
tumor vasculogenesis but not for angiogenesis: role of bone
marrow-derived myelomonocytic cells. [see comment].
Cancer Cell 2008, 13:193-205.
19. Bak SP, Walters JJ, Takeya M, Conejo-Garcia JR, Berwin BL: Scaven-
ger receptor-A-targeted leukocyte depletion inhibits perito-
neal ovarian tumor progression.  Cancer Res 2007,
67:4783-4789.
20. Venneri MA, Palma MD, Ponzoni M, Pucci F, Scielzo C, Zonari E, Maz-
zieri R, Doglioni C, Naldini L: Identification of proangiogenic
TIE2-expressing monocytes (TEMs) in human peripheral
blood and cancer.  Blood 2007, 109:5276-5285.
21. Conejo-Garcia JR, Buckanovich RJ, Benencia F, Courreges MC, Rubin
SC, Carroll RG, Coukos G: Vascular leukocytes contribute to
tumor vascularization.  Blood 2005, 105:679-681.
22. Coukos G, Conejo-Garcia JR, Buckanovich R, Benencia F, Coukos G,
Conejo-Garcia JR, Buckanovich R, Benencia F: Vascular leuko-
cytes: a population with angiogenic and immunosuppressive
properties highly represented in ovarian cancer.  Advances in
Experimental Medicine & Biology 2007, 590:185-193.
23. De Palma M, Venneri MA, Galli R, Sergi Sergi L, Politi LS, Sampaolesi
M, Naldini L: Tie2 identifies a hematopoietic lineage of proan-
giogenic monocytes required for tumor vessel formation
and a mesenchymal population of pericyte progenitors.  Can-
cer Cell 2005, 8:211-226.
24. Murdoch C, Tazzyman S, Webster S, Lewis CE: Expression of Tie-
2 by human monocytes and their responses to angiopoietin-
2.  J Immunol 2007, 178:7405-7411.
25. Nuckel H, Frey UH, Roth A, Duhrsen U, Siffert W: Alemtuzumab
induces enhanced apoptosis in vitro in B-cells from patientsPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Journal of Translational Medicine 2009, 7:49 http://www.translational-medicine.com/content/7/1/49
Page 14 of 14
(page number not for citation purposes)
with chronic lymphocytic leukemia by antibody-dependent
cellular cytotoxicity.  European Journal of Pharmacology 2005,
514:217-224.
26. Zent CS, Kay NE: Update on monoclonal antibody therapy in
chronic lymphocytic leukemia.  Clin Adv Hematol Oncol.  2004,
2(2):107-113.
27. Zent CS, Chen JB, Kurten RC, Kaushal GP, Marie Lacy H, Schichman
SA:  Alemtuzumab (CAMPATH 1H) does not kill chronic
lymphocytic leukemia cells in serum free medium.  Leukemia
Research 2004, 28:495-507.
28. Takanami I, Takeuchi K, Naruke M: Mast cell density is associated
with angiogenesis and poor prognosis in pulmonary adeno-
carcinoma.  Cancer 2000, 88:2686-2692.
29. Ribatti D, Vacca A, Nico B, Crivellato E, Roncali L, Dammacco F: The
role of mast cells in tumour angiogenesis.  Br J Haematol. 2001,
115(3):514-521.
30. Tan T-T, Coussens LM: Humoral immunity, inflammation and
cancer.  Current Opinion in Immunology 2007, 19:209-216.
31. Huarte E, Cubillos-Ruiz JR, Nesbeth YC, Scarlett UK, Martinez DG,
Buckanovich RJ, Benencia F, Stan RV, Keler T, Sarobe P, et al.: Deple-
tion of dendritic cells delays ovarian cancer progression by
boosting antitumor immunity.  Cancer Research 2008,
68:7684-7691.
32. Coukos G, Conejo-Garcia JR, Buckanovich RJ, Benencia F: Vascular
leukocytes: a population with angiogenic and immunosup-
pressive properties highly represented in ovarian cancer.  Adv
Exp Med Biol 2007, 590:185-193.
33. Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P, Evde-
mon-Hogan M, Conejo-Garcia JR, Zhang L, Burow M, et al.: Specific
recruitment of regulatory T cells in ovarian carcinoma fos-
ters immune privilege and predicts reduced survival[see
comment].  Nature Medicine 2004, 10:942-949.
34. Kryczek I, Wei S, Zhu G, Myers L, Mottram P, Cheng P, Chen L, Cou-
kos G, Zou W: Relationship between B7-H4, regulatory T
cells, and patient outcome in human ovarian carcinoma.  Can-
cer Res 2007, 67:8900-8905.
35. DiMasi JA, Hansen RW, Grabowski HG: The price of innovation:
new estimates of drug development costs[see comment].
Journal of Health Economics 2003, 22:151-185.